Introduction
Ecosystems with high biodiversity are hypothesized to be more resilient to changing 44 environmental conditions than those with lower biodiversity because more species are available rotting boles) were left on site as is typical in local timber-harvesting operations (Ellison et al. 134 2010). 135 There also are two controls in each block at HF-HeRE: intact hemlock (~70% basal area 136 hemlock) and intact mixed hardwood stands. When the experiment was sited in 2003, the adelgid 137 was absent from the region. By 2009, however, the adelgid was observed at low densities in the 138 hemlock control plots, and it was widespread in these plots by 2010. The hardwood controls 139 represent the anticipated future of stands in this region following hemlock decline and contain California and southern Oregon), eastern U.S. nurseries have documented infected horticultural 182 stock arriving from western sources and there is concern that it could become established and 183 virulent in eastern North American forests (Grünwald et al. 2012).
184
Between June 27 and July 9, 2008, chainsaws were used in each plot to girdle trees > 185 2.54-cm diameter by making incisions up to 5-cm deep so as to cut through the bark, phloem, 186 and cambium around the entire circumference of each tree at 1.3-m above ground. The many 187 deer at BRF (≈7/km 2 at the start of the experiment) had browsed most of the understory plants 188 and < 3% of the trees were < 2.54 cm in diameter and so were not girdled. Unstable girdled trees, 189 typically those 2.5 -7.5-cm in diameter, were felled for researcher safety. One year after 190 girdling, in the summer of 2009, roughly twice as many oak trees leafed out and re-sprouted in 191 the O50 plots (8% and 27%, respectively) as in the OG plots (15% and 46%, respectively). After npMANOVA for HF-HeRE, the data were split into pre-and post-adelgid infestation temporal 225 12 strata (Appendix S1, Table S1 ). Since large herbivore exclosures in the HF-HeRE were installed 226 several years after the canopy manipulations and after the adelgid infested the plots, the 227 herbivore exclosure analysis for HF-HeRE does not include temporal stratum (pre/post-adelgid) 228 as a factor. In the BRF-FOFE analysis, year entered the model as a covariate rather than as a 229 factor and we used a canopy treatment × year interaction to explore lagged effects of the canopy 230 manipulations. Estimates of F-statistics were calculated based on 5,000 permutations using the www.antwiki.org. 248 We calculated a species-by-species distance matrix from the species-by-trait matrix using 249 the Gower coefficient (Gower 1971), which can accommodate ordinal, nominal, and binary data. Appendix S1, functionally more similar to its pre-treatment assemblage than the other three treatments were to 315 their pre-treatment assemblages according to SES D pw (Fig. 4a) . The same was true for the 316 hemlock treatments when compared to the hardwood and logged treatments with the D pw (Fig.   317 16 4b). According to the SES D nn and D nn measures, the ant assemblage in the hemlock control 318 treatment was functionally no more different from its pre-treatment assemblage than the 319 hardwood and logged treatments were to their pre-treatment assemblages (Fig. 4C, D) . However, 320 SES D nn and D nn showed that the ant assemblage in the hemlock control treatment was 321 functionally less similar to its pre-treatment assemblage than the girdled treatment was to its pre-322 treatment assemblage (Fig. 4C, D) . Finally, the composition (Fig. 5b ) and functional diversity 323 ( Fig. 6a-d) of ant assemblages were similar regardless of whether they were collected from 324 within or outside of herbivore exclosures at HF-HeRE. across treatments regardless of the measure used ( Fig. 4e-h ). Furthermore, there were no 333 significant effects due to canopy, year or their interaction (P > 0.05, Fig. 4e-h) .
334
Ant assemblage composition at BRF-FOFE was influenced by excluding herbivores (Fig.   335 5b), but not by the exclosure × canopy manipulation interaction. Ant assemblages that were on 336 the exterior of the herbivore exclosure were functionally more similar to their pre-exclosure 337 assemblages than those within the exclosure were to their pre-exclosure assemblages (D nn : F 1,58 = 338 50, P < 0.0001; Fig. 6h ). However, all other functional beta-diversity measures indicated no 339 significant effects of the exclosure treatment (P > 0.05; Fig. 6e-h) . Similarly, none of the Given that foundation species are considered to be unique in terms of the processes that they hypothesis in terms of taxonomic composition. Our analysis of functional diversity showed that: 361 ant assemblages in intact hemlock plots were functionally more similar to their pre-treatment 362 assemblages than were those in the hardwood control and logged plots for SES D pw and D pw and 363 girdled plots for SES D pw (Fig. 3a, b discrepancy, overall we interpret our functional beta-diversity results as modest support for our 369 hypothesis. 370 We also observed that the hemlock control plots had lower species richness than all other 371 treatments. It is important to note that rarefaction analyses (Fig. 2) Appalachian Mountains of the eastern U.S. and also found that arthropod abundance and 387 richness was lower in hemlock compared to hardwood stands, but that functionally the two forest 388 types were similar.
389
At BRF-FOFE, our data supported the alternative hypothesis that ant assemblages would 390 be compositionally and functionally similar whether or not oaks were removed (Figs. 4b, 5d -h).
391
Together with the data from HF-HeRE, these results provide additional support for the 392 hypothesis that T. canadensis is a foundation species for ant assemblages, whereas oaks are not.
393
However, other species and ecosystem functions may respond differently to oak loss. For 
402
Our data also allowed us to test the hypothesis that direct, non-trophic effects of 403 foundation species on ant assemblages would be stronger than indirect trophic effects of 404 browsing mammals ( Fig. 1; see When a foundation species was absent and a dominant one was in its place, we expected 
